Land plants are considered monophyletic, descending from a single successful colonization of land 2 by an aquatic algal ancestor. Ability to survive dehydration to the point of desiccation is a key 3 adaptive trait enabling terrestrialization. In extant land plants, desiccation tolerance depends on the 4 action of the hormone abscisic acid (ABA) that acts through a receptor-signal transduction pathway 5 comprising a PYRABACTIN RESISTANCE 1-like (PYL) -PROTEIN PHOSPHATASE 2C (PP2C) -6 SNF1-RELATED PROTEIN KINASE 2 (SnRK2) module. Early-diverging aeroterrestrial algae mount 7 a dehydration response that is similar to that of land plants but that does not depend on ABA: 8 although ABA synthesis is widespread among algal species, ABA-dependent responses are not 9 detected, and algae lack an ABA-binding PYL homologue. This raises the key question of how ABA 10 signalling arose in the earliest land plants. Here, we systematically characterized ABA receptor-like 11 proteins from major land plant lineages, including a protein found in the algal sister lineage of land 12
activity, while SmPYL2 was fully ligand-dependent ( Fig. 1d and SI Appendix, Fig. S9 ). In 23 Arabidopsis, the monomeric receptors included receptors exhibiting a range of basal 24 activities, whereas subfamily III dimeric receptors had no basal activity ( Fig. 1e and SI 25 Appendix, Fig. S9 ). A decline in basal ABA receptor activity may have broadened the 26 dynamic range of the stress response, enabling fine-tuning of the response. The 27 predominant role of the angiosperm-exclusive dimeric receptors (with the lowest basal 28 activity) in the collective ABA response would therefore be a manifestation of the highest 29 level of response range, while the contrary is the case for the single Marchantia receptor, 30 that seemingly provides a narrow ABA response range (50% basal activity) ( Fig. 1   31 insertion). 32 While receptors displaying high basal activity might obscure ABA-mediated fine-tuning 33 processes, Arabidopsis, Striga, Solanum, Oryza and Triticum still maintain both receptors with a narrower response range alongside receptors that allow a broader range of response 1 (23) (24) (25) (26) (27) . Arabidopsis PYL10 stands out as an example of a receptor with high basal activity, 2 as its regulation by ABA affects less than 50% of the response magnitude ( Fig. 1e ). 3 However, we found that PYL10 expression is undetected in available transcriptome 4 datasets, suggesting that if it is expressed during the plant life cycle, it is either at a very low 5 level or developmentally restricted in some way. Similarly, Triticum TaPYL5 showed high 6 basal activity in phosphatase inhibition assays, signifying that it is an ABA receptor with a 7 narrow response range, whose expression is also very restricted during the lifecycle of 8 wheat (27) . We therefore investigated the promoter specificity of Arabidopsis PYL10, using 9 a 2078 bp upstream promoter sequence (SI Appendix, Fig. S10a ) driving a VENUS reporter 10 construct. We observed high expression and protein accumulation in leaves (SI Appendix, 11 Fig. S10b), implying that the promoter sequence did not dictate a limited transcription 12 pattern for PYL10. However, the 3' end of the PYL10 gene, which contains sequences of 13 two transposable elements, causes a strong transcriptional down-regulation (SI Appendix, 14 Fig. S10c-e ). The suppression of PYL10 by the 3' region likely enables higher ABA-related 15 responsiveness in Arabidopsis, unmasking the alternative, highly tuned receptors with a 16 broader response range. 17 To find out if the basal activity of PYL10, when its expression is enabled, is sufficient to 18 activate ABA signaling, we took advantage of the aforementioned receptor/aba2-1 mutant 19 expression system. We transformed aba2-1 with PYL10 under the regulation of its native 20 promoter but without its 3' region sequence. PYL10 transcription was observed in various 21 vegetative tissues as well as the developing seed, but not during germination (SI Appendix, 22 Fig. S11). Ectopic PYL10 expression suppressed the aba2-1 phenotype in both stature and 23 thermal signature of the canopy, in agreement with its promoter-enabled expression pattern, 24 as it did for seed maturation, size and weight ( Fig. 3a-e and SI Appendix, Fig. S12 ). 25 Furthermore, detailed analysis of whole-plant gas exchange showed that plants expressing 26 PYL10 had lower stomatal conductance, which was closer to wild type levels (Fig. 3c ).
27
Expression of PYL6, MpPYL1 and ZcPYL8 driven by the PYL10 promoter resulted in similar 28 suppression of the aba2-1 phenotype (SI Appendix, Fig. S13 and 14) . By contrast, the 29 expression of PYR1, an entirely ABA-dependent dimeric Arabidopsis receptor with low 30 basal activity, didn't suppress the aba2-1 phenotype (SI Appendix, Fig. S13 ). Thus, in the 31 absence of external ABA, high basal receptor activity can drive what is normally the ABA 32 response, which would otherwise have been regulated by the highly tuned dimeric 33 receptors dominating the adaptive response in the presence of stress-triggered-ABA.
P
Combined with the phylogenetic relationship between PYL homologues (SI Appendix, 1 Fig. S2 ), our results suggest that the ancestral function of PYLs was likely an ABA-2 independent PP2C inhibitory activity ( Fig. 4 ). Along the evolutionary trajectory leading to the 3 last common ancestor of land plants, PYL proteins with basal activity gained ABA-4 interactivity ( Fig. 4) . Interestingly, in case of the evolution of the auxin signaling cascade,
5
Martin-Arevalillo and colleagues recently proposed a similar scenario that entails the 6 modular evolution of a phytohormonal signaling cascade from a phytohormone-independent 7 origin in streptophyte algae (28). During the evolution and diversification of land plants, the 8 PYL protein family has expanded in a lineage-specific manner, giving rise to various 9 character states of basal as well as ABA-dependent activity. Most recently, angiosperms 10 gained another layer of ABA-dependency with the dimeric PYLs (Fig. 4 ). This suggests that 11 a dampening of the basal activity of the receptors was a driving force for the evolution of 12 ABA responsiveness in land plant PYLs.
13
In the broader sense, terrestrial stresses would have presented major challenges for 14 the earliest land plants (29, 30) . While the ability to survive desiccation would have been a 15 necessary trait in the algal precursors of the land plants, this would be less desirable in their 16 anatomically more complex descendants. Vegetative desiccation ceases to be a 17 competitive evolutionary strategy when set against maintaining growth by using a hormone Coding sequences of ZcPYL8, MpPYL1, terminal amino acids 1-247), N MpABI1 (lacking residues 1-224) and SmABI1 were 12 chemically synthesized (SI Appendix, Table 1 PYL sequence annotation was used (25, 41) Incomplete and strongly truncated sequences 32 were removed and sequences were aligned using MAFFT v7.305b (42) and the L -INS -I 33 settings. The tree was computed using IQ-TREE multicore version 1.5.5 (Linux 64-bit built P as previously described (47). Reactions comprised 0.5 M PP2C and either 0, 0.5, 1 or 2 1 M receptor and 33 mM Tris acetate (pH 7.9), 66 mM potassium acetate, 0.1% BSA, 10 2 mM MnCl2, 0.1% -ME and 50 mM pNPP in the absence or presence of 10 M ABA.
3 Hydrolysis of pNPP was monitored at A 405 by Epoch Microplate Spectrophotometer 4 (BioTek). PP2C activity in the absence of receptor was set as 100% activity. The ABA dose-5 dependent PP2C inhibition assay was conducted as previously described (45) using 0.5 M 6 PP2C, and 1 M receptor. ABA was added at 0, 0.01, 0.025, 0.05, 0.1, 1, 10 M. PP2C 7 activity in the presence of receptor and absence of ABA was set as 100% activity. All 8 experiments were performed with two independent protein preparations. rosette stomatal conductances were recorded with an 8-chamber custom-built temperature-31 controlled gas-exchange device analogous to the one described before. Plants were 32 inserted into the measurement cuvettes and allowed to stabilize at standard conditions: P ambient CO 2 (~400 ppm), light 150 µmol m -2 s -1 and relative air humidity (RH) ~60 ± 5%. In 1 diurnal experiments, the dark period lasted from 8 PM to 8 AM, similar to growth chamber 2 conditions. In ABA treatment experiments, 5 M ABA with 0.012% Silwet L-77 (Duchefa) 3 and 0.05% ethanol was sprayed on the leaves, and plants were put back into cuvettes and 4 for continued measurement of leaf conductance. Photographs of plants were taken after the 5 experiment and leaf rosette area was calculated using ImageJ 1.37v (National Institutes of 6 Health, USA). Stomatal conductance for water vapor was calculated with a custom-written 7 program, as previously described (48). Isothermal titration calorimetry (ITC) profiles and thermodynamic data from titration of 31 ZcPYL8, MpPYL1 or PYL10 with ABA, following a series of injections of 3 L of ABA into 32 the ITC cell. Each peak shows the heat measured following the injection. algal (Klebsormidium nitens) components indicated existence of a regulatory "wiring" with 23 these three components (yellow line)-suggesting its emergence already in KCM algae.
24
Our data showed that with the gain of the PYL proteins in a common ancestor of land plants Expected migration of recombinant proteins is indicated by black arrows. 7 8 P SI Appendix, Table 1 List of primers used in the work. ATGGTCGCAACTAACAGGGCGAGAGCTCCAATAGTAAGTATATGTAATAGTGGAAGAATAGATG  GGACTTTTGCTTTTGACGACTGTCCTTCACATGGGACTCTCTCTCTTTGTGGTCGCCGCCGTGAA  ATGGAGGATGCTGTCGCAATTATTCCGTCTTTTGCGGTGGTTCCATGTGGAAGTGCCGTTGGTT  GTCAAGCAGCTGGAGGAGAAATAGGTGACTGTCAGATGCACTTTTTTGCAGTTTACGATGGTC  ACGGTGGCTGTCAGGCTGCGAATTACTGTGCAGAGAGACTCCACAATGTTTTAGCTCACGAGC  TAAAACAATCGTTGGCAAAAGCTTCACCGTTGCACGAAAAAATGCATGAAAAAACACTTATGGA  GAATCATTGGCGTACGGCTATGAGGAATTCTTTTTTACGAATGGATGCTGAGATTAGTGGCCATT  GTTATGGAAGCTCCGGTTCTTCTTGTCAGAGACAAAATAGTTGTCCTCACGAACCCCTCGCTCCA  GAAACGGTTGGTTCTACTTCAGTTGTGGCAGTTGTGGGAGTTTCTCAAATTATTGTGGGAAATG  CGGGTGATTCACGAGCTGTTTTGTCAAGAGGAGGAAAGGCTATTCCTCTCTCTATTGATCATAA  GCCGGAACGCGAGGATGAAATGAAGAGAGTGGAACAGGCAGGAGGACGAGTTATATTCTGG  AATGGATATCGGGTTCTTGGAGTTTTAGCCATGTCAAGGGCTATCGGCGACAGATATTTAAAACC  TTATGTTATTCCTGAGCCTGAGGTGACATTTACGGAAAGAACGGGAGAGGACGAGTGCATTATT  TTGGCAAGTGATGGGCTGTGGGATGTTATATCAAATGATGTCGCATGTGAAATTGCTCGTCGATG  TTTATCTAAACAATACGGAGGAAGCATAGGACGAGTGGGATCCGGCAATTCGACTTTATCGACT  GCAGAGGTAGAGGAAGTCGAGGGACCCGGGGCGGCTATTGCTGCGACAGTACTGACGAAACT  TGCTCTAGCGCGCGGTAGTGGAGACAATATAAGTGTCGTCGTGGTCGATCTCAAAGCAAAGCAC  GCGAAATCATTGCCATTGGAAAAAAACGAATCGGTAAAAACGAATTGGTAA   M PYL O   CTGGTGCCGCGCGGCAGCCATATGCTGGCGGGCGCAGAGAGAGACTTGGTTGAAAGAGACCT  GGTGGAAAGACACCATAATCAGGAGATTCTTGAACATCAGTGCGGTTCTACCTTATACCAGGAG  ATAGATGCGCCAGTAGAGTTGGTCTGGTCGATAGTAAGACGTTTCGACCAGCCTCAGTCCTATA  AGCACTTCTTGCAGTCTAGTTCCCTGCTGATTGGAGAAGGAGCACCGGGTTCCGTGCGTGAAG  TGAGACTTGTTTCTGGACTGCCAGCTACCAACAGTATCGAGCGTCTTGAGGTGCTTGATGACGC  TAACCACGTGTCATCATTCCGCGTTCTTGGAGGAGGTCACCGTCTGAAGAATTATTGGAGCGTT  ACCAGTCTGCATGAGCGTGTCTCCAATGGGAGACGCAAAACCATGGTAATAGAATCTTATGTAG  TGGACGTACCTGAAGGTAATTCCAAAGAAGACACTATGGTCTTTGTTGATACTCTTGTACGCTGT  AACCTTAAGTCACTGACCACGGTGGCAGAACAAACAGTCCTTCAGACTACTACGAGCAACCTG  AAGATTAAGAGTGAAGTATAGCAAGCTTGCGGCCGCACTCG   M ABI D   ATGATTCCCAGCAGCAGCGGTAGTGTGAACGTTATTGACGATGGTCACTGTCCTCCTCATGGGC  TTGTATCTGTTTGTGGCCGACGTCGAGAGATGGAGGATGCAGTTGCCGCTGTTCCTGCGTTTTT  ATCAGTGCCATGCGATGTCACTGGTTGTAATTGCCGAGAGAATTATGGAGTTCATGCCCCTTTAC  ACTTCTTTGGAGTATATGATGGACATGGAGGCTCTCAGGCAGCTGTGTTTTGTGCAGATCGTCTC  CATCATGCCCTTGCAGAGGAAATGAAGACTGTTTTGAACTCTGGAAACAGTAGGATGGGATGC  TCTCAGGGTAACTGGGATCTTCAATGGCGGAAGGCCATGTCAGCCTGCTTCCTCCGGATGGATG  CGGAGGTTGGAGGTGTCCCTTGGAAAGTTGGACAAGCTGATAGTGAAGCTGGAAGTTCCAAG  TGCTCAACAGATGCAATCGCTCCAGAGACAGTGGGCTCGACTGCTGTTGTGGCTGTAGTTGGTT  CTTCTCAGATTATCGTCGCGAATTGCGGAGATTCACGGGCTGTTCTCTCACGTGGTGGGAGAGC  AATTGCACTTTCAAAAGATCACAAGCCTGAACGCGAAGACGAGATGGCTAGAGTGGAGGCTG  CGGGCGGTCGGGTTATCTTTTGGAACGGTTACCGTGTTTTGGGTGTACTCGCTATGTCGAGGGC  CATCGGTGATAGATATCTCAAGCCCTTCGTGATCGCGGAGCCAGAGGTCACTTGCACCGTGCGA  TCGGAAGATGATGAATGTTTGATCTTGGCTAGTGATGGTTTGTGGGATGTTTTATCGAACGAACT  GGTTTGCGAAATAGCGCGCAAGTGCTTGATTGGTCGTCGAAATAGTGATCTTGCATTGAGTGTG   P   CGTTCTGGGTTGGACGAAGAAACAGGGGAGTCCCCTGCCTCTGTGGCGGCTGCACTTCTTACC  AAGCTCGCCCTAGCACGAGGCAGTAGTGACAACATTAGTGTAGTAGTTGTTGACTTAACGACGG  GATCTTCGGCGTAG   P PYL   ATGCAGACGAAAGGACGTCAAGCTGATTTCCAGACCCTGCTAGAGGGACAGCAGGATCTGATA  TGCCGGTTCCACAGACATGAACTCCAGCCACACCAGTGCGGCTCCATCCTCTTGCAGCTGATCA  AGGCGCCTGTGGAGACTGTGTGGTCGGTGGCTAGAAGCTTTGACAAGCCGCAAGTATACAAGC  GCTTTATCCAGACTTGTGAAATTATTGAAGGCGATGGCGGGGTGGGTAGCATCCGTGAGGTGC  GCTTAGTGTCTAGTATTCCGGCAACATCGAGTATTGAGAGGCTAGAGATCCTGGACGATGAGGA  ACACATCATCAGTTTCAGGGTTTTGGGAGGAGGCCACAGGTTGCAAAACTACTGGTCTGTTAC  GTCCTTACACTCTCACGAGATTGATGGGCAGATGGGAACTCTAGTTCTGGAGTCTTATGTTGTAG  ACATTCCTGAAGGTAACACCAGGGAGGAGACTCACATGTTTGTGGACACAGTTGTTCGTTGTA  ACTTGAAAGCTTTGGCCCAGGTTTCAGAGCACAGATTTTTCCACGAGCTGAGAGCAAAAGAAC  TATCCGCAGCGTCCTTGTCACTAGGCAGTAAAGAGGAAGCTGTGCATGCCAGGAAGAAGGAG  GCTGTGCAAGTGTAG   P PYL   ATGATGCAGGAGAAACAGGGGCGGCCGGATTTCCAGTTCCTGTTGGAAGGGCAGCAGGATCT  GATATGCCGGTTCCACAAGCACGAGTTGCTTCCGCACCAGTGCGGCTCCATCTTGTTGCAGCAG  ATCAAGGCGCCTGTGCAGACCGTGTGGTTGATTGTGAGGAGGTTTGACGAGCCGCAGGTGTAC  AAGCGGTTCATTCAGAGGTGTGACATCGTTGAAGGCGATGGCGTAGTGGGGAGCATCCGGGA  GGTGCAATTAGTTTCTAGCATTCCCGCCACATCTAGCATCGAGAGGCTGGAAATTCTGGACGAT  GAGGAGCATATCATCAGCTTCAGGGTCTTGGGAGGAGGCCATAGGTTGCAAAATTATTGGTCTG  TGACTTCTTTGCACAGACATGAGATTCAAGGGCAGATGGGAACTCTAGTGCTGGAGTCTTATGT  TGTGGATATTCCAGATGGTAACACAAGAGAGGAGACGCATACATTTGTGGACACAGTCGTGAG  ATGCAATTTGAAAGCACTTGCTCAAGTCTCTGAGCAGAAACATTTGCTGAACTCCAACGAGAAA  CCAGCGGCACCGTAG   P PYL D   ATGATGCAGCAAGTAAAGGGGCGGCAGGATTTCCAGAGGCTGCTGGAGGCGCAGCAGGATCT  AATATGTCGTTACCATACTCACGAGCTGAAGGCTCACCAGTGCGGGAGCATCCTGCTGCAACAG  ATTAAGGTGCCGTTGCCGATCGTGTGGGCGATTGTGCGCAGTTTCGACAAGCCTCAGGTCTACA  AACGTTTTATTCAAACTTGCAAGATCACTGAAGGCGATGGTGGCGTGGGAAGCATCCGGGAGG  TCCATCTGGTCTCCAGTGTTCCAGCCACTTGCAGTATTGAACGCCTCGAGATTTTGGATGATGAG  AAACATATCATTAGCTTTCGGGTGCTGGGCGGGGGCCACCGTTTGCAGAACTACTCTTCCGTGT  CATCTCTGCACGAGCTCGAAGTTGAAGGCCACCCTTGCACTCTCGTCCTGGAGTCGTATATGGTA  GATATTCCCGATGGAAACACTCGCGAGGAGACGCATATGTTTGTGGATACTGTGGTTCGCTGCA  ATTTGAAATCTTTGGCTCAGATTTCGGAGCAGCAGTATAACAAGGATTGTTTGCAACAGAAACA  GCATGACCAGCAGCAGATGTATCAGCAGAGACACCCGCCACTTCCTCCTATTCCCATTACCGATA  AAAATATGGAAAGGTCCAGTACTGTAATTTGCACCTGA   S PYL   CTGGTGCCGCGCGGCAGCCATATGAGCAGCAACGCATTGTCTAGGGAGGAGGAGCACATATGG  CGCTACCACAAGCACGAGATGCAAGAGTATCAGTGTGGATCCATCCTCATCAAACGCATCAATG  CGCCCGTGCAGCTGGTGTGGTCGCTCGTCCGGAGATTTGACCAACCGCAAGGCTACAAGAGAT  TCATCCAGAGCTGCACTGTGAATGGCGATGGCAAAGTCGGGAGCATCCGAAACGTGAATGTGG  TAACGGGGCTTCCAGCCACGAGCAGCACCGAGAGGCTGGAGATCCTGGACGAGGAGGAGCA  CATCTTTAGTTACCGGATCCTTGGAGGAGATCATCGACTCAAGAATTACTGGTCTATAATCACGCT  CCACTCCGAGATGATCAACGGTAGGCCCGGGACATTGGCGATCGAGTCGTACGTTGTGGACAC  TCCCGAAGGGAACAGTAAGGAGGACACATGTTTCTTCGTGGAGACAGTGATCAAGTGCAACCT  CAAATCATTGGCGGATGTGTCGGAGAGGCTTGCGCTGCAGACAAGCGTCGAGCACCTAACTTT  GGCCTCCAGGAGTCCGTGACAAGCTTGCGGCCGCACTCG   S PYL O   CTGGTGCCGCGCGGCAGCCATATGGAAGAGGCAGTGGGTGAACACCACACACATGAGCCGGC  CTCCAACGAGTGTTGTTCGGTTTTAGTACAGGAGGTACGTGCTCCTGTAGAGGTTGTCTGGTCA  GTGGTACGGCGCTTCGACCAGCCACAGTGCTATAAGCGGTTCATACGGTCCTGCTCAACACAGG  GAGATTTAAAGGTAGGCTCAACTCGCGAGATTACTGTTGTGTCGGGGCTTCCTGCAACTACGTC  AAAAGAGCAGTTAGAGATCTTAGATGAGGATAAACACATACTTTCATTCAAAGTGTTGGACGGT  GACCATCGTCTTCGGAATTACCGTAGCATCACTACTCTGCATGAGACTTTAGTCCAAGATCGCCC  TGGTACACTGGTCATGGAGTCCTATGTCGTCGAGATCCCTGACGGGAACACCCGCGAGGACAC  TCTTACTTTTACTAATACTGTGGTCAGATGTAACCTTCAATCGTTGGCGCGTACTTGTGAAAGACT  TTTGCCCCACGCGGTTTAGCAAGCTTGCGGCCGCACTCG   P   S PYL O   CTGGTGCCGCGCGGCAGCCATATGTACCAACTTACTGACGAAGAGGTCGAGAAGTTGCCAGAA  GAGGTTTGGGAATATCATAGAGCTCGTTCGGGCGGTGCCGGGATTGGCCCTAACGAATGCTGC  TCTGTACTGATTCAACGTGTGCGTGCGCCTTTACCGGTTGTCTGGTCAGTCGTTCGTCGCTTCGA  CAAGCCGCAGCTGTATAAGAATTTTATACGCTCCTGCTCATTTAAAGGTGACGAATTAAGAGTGG  GATGTACGCGCGAAGTAACCGTAGTATCTGGACTGCCAGCCACGAGTAGTACGGAGAGATTAG  AGATATTAGACGATGACAAACATGTGCTTTCCTTCCGTGTAGTTGGAGGGGACCACCGTCTTAAT  AATTATCGCTCCGTAACATCACTGCACGAGTTCGATGTAGAAGGAGCGAAAGGTACGTTAGTGG  TCGAGTCTTACGTGGTAGATGTACCGCCCGGAAACACAAGACAGGATACATGTCTTTTTACAGA  TACCGTAGTTCGTTGCAATCTGCAATCCCTGGCACACATGACTGAAAAATTAGCGGTGGCCTGT  GCTTCTGAACAACATCGCCAGCTTCACCAGGCCAGATGACAAGCTTGCGGCCGCACTCG   S PYL O   CTGGTGCCGCGCGGCAGCCATATGCTGGTCTCTTTAGGCGCTCTTGTACCGGATCAGGACGAG  GCCGCCCGGTTGGTCGCGGCTGCGTCACGTTACCATTGCCATGCCCTTCGCGGCCACACGCAGT  GTTCGAATGTTGTACCACAGTGGATACAGGCACCTGTTGCTGTAGTTTGGTCTGTTGTACGTCG  GTTTGATTCTCCCCAAGCCTATAAGTGCTTCATCCGTGGTTGCGTGTTGCGGGAGGGGGATGGA  GTATCCGTAGGCAGCACTCGGGACGTTACGTTGGTGAGTGGATTGCCCGCTAGTTGCAGCACC  GAACGGCTTGAGATATTAGACGATCAACAGCATGTATTGTCATTCCGCGTCGTAGGAGGAGAAC  ACAGACTTAAGAACTACACTTCGGTCACATCGCTGCACGCGACAACCGCCGGCGGCAGAGACG  CGACGATAGTCCTTGAATCATATGTGGTAGATGTGCCGGCGGGGAACAGCAAAGAAGAAACCT  TGACTTTTACTGATACGGTTGTTCGTTGTAATCTTCAGAGCCTGGCAAAAGTATGCGAACACTTA  GCCCTTCAACAACAACAACAGCATCAGGATCGGTGACAAGCTTGCGGCCGCACTCG   S PYL O   CTGGTGCCGCGCGGCAGCCATATGTTAACGCCCCAACAGCGTTTACAATTAGACGAATCGCGTT  GGCGCTTACACAGTGCTTTGAGCGCGGCACAACCGCACCAGTGTGCAAACTTACTGCTTCAGA  GAATAGACGCACCCGTATCTGCCGTTTGGCCTATGTTGCGGCGTTTTGACACGCCCCAGGCATA  CAAGAGATTCGTGAAGGCATGCGTCATCGCTTCTGGAGACGGCTCCAGTGTCGGGAGTCTTCG  GAATATCACTCTGATCTCTGGATTGCCTGCATCATGTTCGACCGAGCGCTTAGAGATTTTGGATG  ACGAGCATCATATAGTCTCCTTTCGTGTTGTCGGCGGCGAGCATCGTTTACGCAACTACGCTTCG  GTCACGTCATTGCATGAGAAAGTGGTAACAGTAGTTATGGAGTCATACGTCGTCGATGTCCCTG  AAGGAAACACTCGTGAAGATACGCGGGTTTTTACTGACACGGTGGTCAGATGTAACCTGCAATC  TTTAGCGAAAATCTGCCAAGCGAACTTTAGACAGGAGCAACGTCGGTGTCAGCAACAACAGCA  GCAGCAACCAGAGTGACAAGCTTGCGGCCGCACTCG   S ABI   ATGGCTGTTTCGGGCACTGCTTGCAACAGGAGCACCCGCTGCATCGCCAGCGATACGTGTCCCC  CGCATGGAGCCGTATTCATATGTGGCAGGCGCCGGGAGATGGAGGATGCCGTCGCGGTAGTGC  CCTCTTTTATGACGGTGCCGTGCGGTACTGTTGGAGGCTGCGAGTGTAAAGGTGCCACGCTGC  CTTCCGCGGACGTTGGCATGTCCGCGTTACACTTCTTCGGAGTCTATGACGGCCATGGCGGACC  TCAGGTTGCTGGCTTCTGCAAGGAGCAAATGCATCGCGTCCTCGAGGAAGAGTTTAGTGGCGT  TTTGCCAGGCATGGGTGACAGAGAGCTGGAGGCACATCTTCAGAGAGCAATGGTGGCGAGCT  TTCTGAAAGTGGATGCGCAGGTGGGAGGCTTCCTCGAGGGCAATTTGAGTCCGTCAGCTTCTC  CATTCATAGCTCCCGAGACAGTCGGCTCGACTGCTGTGGTAGCCGTACTGGGACCAAACCGGAT  CATCGTCGCCAACTGTGGTGACTCGAGGGCCGTCCTTTCGAGAGGGGGGCGAGCCATTCCTCT  CTCCGTGGACCACAAACCAGATCGAGAGGACGAGCTGGCCCGAGTTGAGGCTGCCGGAGGG  AGGGTGTTTTTTTGGAACGGTTATAGAGTCTTAGGAGTTCTGGCAATGTCGAGAGCAATTGGT  GATAGATACCTCAAGCCGTTTATAATCCCAGAGCCGGACGTTACTTGTACAGAGAGAAGTTCGG  AGGACGAGTGCCTGATATTGGCCAGCGACGGCCTGTGGGACGTGCTCACCAACGAGATGGCG  TGTGACATTGCACGGAAGTGTCTCGTTAGGCATCGAGCTCGGCAGGGCGGCGAGAGTGCCGC  AGACATGGCTGCTGGATTACTGACCAAGGTCGCGATTGCCAAAGGCAGCACTGACAACATCAG  TGTGGTGGTGGTGGATCTAAGCTCATCCATGCGAAGGTGA 
